Introduction
============

Low back pain is a highly prevalent complaint \[[@B1][@B2]\] and is reportedly associated with decreased activities of daily living (ADLs) and quality of life (QOL) \[[@B3][@B4][@B5]\]. In addition, a specific diagnosis of low back pain cannot be obtained in approximately 80% patients with low back pain \[[@B6]\], indicating that patients with low back pain are often diagnosed with nonspecific low back pain.

Nonspecific low back pain is defined in the European guidelines for the management of chronic nonspecific low back pain (CNSLBP) as low back pain that is not attributable to a recognizable, specific pathology (e.g., infection, tumor, osteoporosis, fracture, structural deformity, and inflammatory diseases, such as ankylosing spondylitis, radicular syndrome, and cauda equina syndrome) \[[@B7]\]. Nonspecific low back pain is defined in the clinical practice guideline for the management of low back pain in Japan as low back pain without a plausible cause, similar to that in the European guidelines \[[@B8]\]. However, the definition of nonspecific low back pain in previous studies has not been uniform, and the exclusion of specific pathologies for low back pain has not been adequate in many previous studies on nonspecific low back pain.

To date, several factors including, physical workload \[[@B9]\], psychological factors \[[@B10][@B12][@B13]\], and cigarette smoking \[[@B14][@B15][@B16]\], have been associated with low back pain. However, most studies on low back pain-associated factors have been conducted in Western countries, but they have not always evaluated CNSLBP.

The current study aimed to investigate the prevalence of CNSLBP and its associated factors after the exclusion of specific spinal pathologies using imaging modalities and screening tools for radicular syndrome and cauda equina syndrome in general middle-aged and elderly Japanese populations.

Materials and Methods
=====================

A medical examination for health-related diseases is conducted annually in Katashina Village (with a population of 4,465 in 2014) in Gunma Prefecture, Japan, and 1,037 people had participated in 2013. Among these participants, a musculoskeletal examination was additionally conducted in 581 participants, 213 (aged ≥50 years) of whom were recruited for the present study (75 males and 138 females, average age: 66.7 years) based on the following inclusion criteria: (1) individuals whose basic information (age, gender, body mass index \[BMI\], presence of lifestyle-related diseases \[diabetes mellitus, hypertension, and hyperlipidemia\], glucocorticoid use, current smoking habits, current alcohol-drinking habits \[≥3 units/day\], and labor intensity) was recorded, (2) individuals who answered a questionnaire on chronic low back pain (CLBP) that persisted for the previous 3 months, (3) individuals who underwent screening for lumbar spinal stenosis (LSS) based on the modified clinical diagnosis support tool for LSS (LSS-DST) \[[@B17][@B18]\], (4) individuals whose QOL was evaluated, (5) individuals who underwent an X-ray examination of the thoracolumbar spine, and (6) individuals who were informed about the current study and consented to participate.

If the subjects had a total score of ≥7 in the screening for LSS using LSS-DST, they were diagnosed with LSS. QOL was evaluated using the Japanese version of the EuroQol-5 dimensions (EQ-5D) utility score, EuroQol-visual analog scale \[[@B19][@B20]\], and the Japanese Orthopaedic Association Back Pain Evaluation Questionnaire (JOABPEQ) \[[@B21]\]. The JOABPEQ comprises five sections (25 items) related to low back pain, lumbar function, walking ability, social functioning, and mental health, and each section has a score ranging from 0 to 100, with higher scores indicating a better condition.

In the current study, we defined CNSLBP as CLBP continuing for ≥3 months with all of the following conditions: (1) no coronal deformity based on the Scoliosis Research Society-Schwab adult spinal deformity classification \[[@B22]\] (specifically, a Cobb angle of \<30°, as measured using an anteroposterior X-ray of the thoracolumbar spine), (2) no tumorous lesions detected on X-ray, (3) no infectious lesions detected on X-ray, (4) no vertebral fracture detected on X-ray, and (5) no LSS diagnosed using the LSS-DST.

The current study was approved by the Institutional Review Board of Gunma University (IRB NO. 23-31). All subjects provided written informed consent before participating in this study.

1. Statistical Analyses
-----------------------

Univariate analyses were conducted using the Mann-Whitney U test, chi-squared test, and Fisher\'s exact probability test. Multivariate analyses were also conducted after adjusting for age, a possible confounder, using logistic regression models. The significance level was set at *p*\<0.05. All statistical analyses were conducted using the IBM SPSS Statistics ver. 22 software package (IMB Japan, Tokyo, Japan).

Results
=======

Of the 213 subjects, 33 (15.5%) and 20 (9.4%) were diagnosed with CNSLBP and chronic specific low back pain (CSLBP), respectively, whereas the remaining 160 answered that they had no CLBP lasting for the previous ≥3 months ([Figs. 1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"}). Of the subjects with CLBP, 62.2% had CNSLBP. The prevalence of CNSLBP and CSLBP in each age group is shown in [Table 1](#T1){ref-type="table"}.

The univariate analysis comparing subjects with CNSLBP and those without CLBP revealed that age tended to be lower (*p*\<0.001) and the ratio of subjects with smoking habits (*p*=0.011) was significantly higher among subjects with CNSLBP than among those without CLBP ([Table 1](#T1){ref-type="table"}). Furthermore, regarding QOL evaluation, the scores of EQ-5D (*p*=0.016) and of two sections of the JOABPEQ, concerning low back pain (*p*\<0.001) and lumbar function (*p*=0.001), were significantly lower in subjects with CNSLBP than in those without CLBP ([Table 2](#T2){ref-type="table"}). In age-adjusted logistic models, the presence of smoking habits (*p*=0.049, odds ratio \[OR\]=2.594) and scores of three sections of the JOABPEQ, concerning low back pain (*p*\<0.001, OR=0.974), lumbar function (*p*=0.001, OR=0.967), and social function (*p*=0.023, OR=0.976), were significantly associated with CNSLBP ([Table 3](#T3){ref-type="table"}).

By contrast, the univariate analysis comparing subjects with CSLBP and those without CLBP revealed that age tended to be higher (*p*=0.001) in subjects with CSLBP than in those without CLBP, and the scores of EQ-5D (*p*=0.011) and four sections of the JOABPEQ, which concern low back pain (*p*\<0.001), lumbar function (*p*\<0.001), walking ability (*p*\<0.001), and social function (*p*\<0.001), were significantly lower in subjects with CSLBP than in those without CLBP ([Table 4](#T4){ref-type="table"}). In age-adjusted logistic models, the EQ-5D utility score (*p*=0.024, OR=0.068) and scores of four sections of the JOABPEQ, concerning low back pain (*p*=0.007, odd ratio=0.981), lumbar function (*p*=0.001, OR=0.963), walking ability (*p*=0.001, OR=0.968), and social function (*p*=0.002, OR=0.966), were significantly associated with CSLBP ([Table 5](#T5){ref-type="table"}).

Discussion
==========

In the current study, we clarified the prevalence of CNSLBP and its associated factors in general middle-aged and elderly Japanese populations. To our knowledge, this is first study in which CNSLBP was diagnosed based on the exclusion of specific spinal pathologies using X-rays and LSS-DST.

Regarding the epidemiology of low back pain, Walker, in his systematic literature review, has reported that the point prevalence of low back pain in general ranges from 12% to 33%, whereas its lifetime prevalence ranges from 11% to 84% \[[@B23]\]. By contrast, Bressler et al. \[[@B24]\], who systematically reviewed studies on the prevalence of low back pain in elderly individuals, have concluded that its prevalence in elderly population is not known with certainty. Furthermore, one study has reported that no scientific evidence on the prevalence of nonspecific low back pain has been published to date \[[@B7]\], and another has stated that a specific pathology cannot be identified in approximately 80% of patients with low back pain \[[@B6]\]. In the current study, the prevalence of CLBP and CNSLBP in a population of middle-aged and elderly Japanese individuals was 24.8% and 15.4%, respectively. Furthermore, 62.2% of the subjects with CLBP had CNSLBP. The smaller percentage of subjects with CNSLBP among those with CLBP in the present study than that in previous reports may be because of differences in the race or mean age of the population. In addition, we also used a more exclusive definition of CNSLBP in the present study than that in previous reports, with the exclusion of specific pathologies \[[@B6]\].

Several factors associated with low back pain have been reported to date. Regarding lifestyle-related factors, physical workload \[[@B9]\] and cigarette smoking \[[@B14][@B15][@B16]\] have been reported to be associated with low back pain in general. However, no study has yet examined the factors associated with nonspecific low back pain by screening subjects with nonspecific low back pain using both X-ray and LSS-DST. The univariate analysis in the current study revealed a significant association of younger age and smoking habits with CNSLBP, and the age-adjusted logistic regression analysis revealed a significant association of smoking habits with CNSLBP. Notably, gender, BMI, diabetes, hypertension, hyperlipidemia, glucocorticoid use, alcohol-drinking habits, and labor intensity were not significantly associated with CNSLBP in any analysis.

Several systematic review articles have identified an association between smoking habits and back pain \[[@B14][@B15][@B16]\]. However, a systematic review conducted by Wai et al. \[[@B25]\] has found that there is no evidence on whether smoking cessation relieves chronic low back pain. In his systematic review, Leboeuf-Yde \[[@B15]\] has concluded that smoking should be considered a weak indicator of low back pain, as evidence of a causal link between smoking and low back pain could not be found in a study using a large sample. In their systematic review, Goldberg et al. \[[@B14]\] have concluded that smoking might be associated with back pain, but additional longitudinal studies are needed to confirm the evidence. Shiri et al. \[[@B16]\], who assessed the association between smoking and low back pain in their meta-analysis, have concluded that the prevalence and incidence of low back pain are high in both current and former smokers, although the association is modest.

Although the precise pathophysiological role of smoking in the occurrence of low back pain has not been elucidated, several animal studies have been performed on this topic. Iwahashi et al. \[[@B26]\], who treated rabbits with nicotine levels equivalent to those encountered in heavy smokers, have concluded that nicotine treatment results in a delineation of the vascular buds in the vicinity of the vertebral end plate and a reduction in their number, leading to the degeneration of the intervertebral disc. Akmal et al. \[[@B27]\] have evaluated the effects of nicotine on nucleus pulposus cells using bovine intervertebral disc cells and have demonstrated that nicotine is associated with significant inhibition of cell proliferation and extracellular matrix synthesis in nucleus pulposus cells. Uei et al. \[[@B28]\] have compared the gene expression levels in the intervertebral discs between passively smoking rats and nonsmoking rats and have concluded that the changes in gene expression due to passive smoking precede the histologic changes in the intervertebral discs. Furthermore, Nemoto et al. \[[@B29]\] have investigated the histological changes in smoking-induced intervertebral disc degeneration after smoking cessation using rat models and have found that smoking-induced intervertebral degeneration can be repaired by smoking cessation. Based on these previous findings on the association of smoking with disc degeneration in animal models, we hypothesized that a considerable number of patients with CNSLBP can be diagnosed with discogenic pain if discography can be performed.

Nakamura et al. \[[@B5]\], who analyzed the effect of chronic pain, including low back pain, on ADLs, have demonstrated that basic ADLs, instrumental ADLs, and SF-36 QOL scores are associated with chronic pain. Hirano et al. \[[@B3]\] have also revealed that low back pain and knee pain are significant contributors to an individual\'s QOL. Furthermore, Muraki et al. \[[@B4]\] have reported that low back pain has a larger impact on QOL than knee pain and have indicated that low back pain with vertebral fractures is strongly associated with a decreased QOL. In the current study, CNSLBP as well as CSLBP were found to be significantly associated with several items concerning QOL/ADLs. However, more of these items were associated with CSLBP than with CNSLBP.

The current study has several limitations. First, this study had a cross-sectional design with a relatively small population. Longitudinal studies in a larger number of subjects will be needed to confirm the observed associations between CNSLBP and the measured variables. Second, although we inquired about the presence or absence of CLBP, we did not define the area for CLBP. Therefore, the criteria for answering these questions might have differed among individuals. Third, magnetic resonance imaging was not used to detect the presence of any specific pathology, including tumorous lesions, infectious lesions, vertebral fractures, and LSS. Instead, we used X-rays and LSS-DST to detect these pathologies because magnetic resonance imaging can only be used to screen subjects suffering from symptoms associated with spinal stenosis, and a number of asymptomatic subjects have radiographic stenosis \[[@B30]\]. In addition, LSS-DST and modified LSS-DST reportedly have high sensitivity and specificity \[[@B17][@B18]\]. Fourth, we did not investigate the types of work performed by the subjects; however, we investigated the labor intensity in the subjects and identified no significant association. Katashina Village is a mountain village where agroforestry and tourism are the main industries. Thus, the fact that a relatively high percentage of the subjects were engaged in these industries might have influenced the prevalence of CLBP and its associated factors.

Conclusions
===========

In our study using a general Japanese population, CNSLBP in middle-aged and elderly individuals was associated with smoking habits and decreased QOL; however, CSLBP was considered to be more multilaterally associated with decreased QOL.
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###### The prevalence of chronic nonspecific low back pain and chronic specific low back pain in each age group
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CNSLBP, chronic nonspecific low back pain; CSLBP, chronic specific low back pain.

###### The association between chronic nonspecific low back pain and the measured variables
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Values are presented as mean value or number (%).

CNSLBP, chronic nonspecific low back pain; CLBP, chronic low back pain; HADS-A, Hospital Anxiety and Depression Scale for anxiety; HADS-D, Hospital Anxiety and Depression Scale for depression; EQ-5D, EuroQol-5 dimensions; EQ-VAS, EuroQol-visual analogue scale; JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire.

^a)^Mann-White *U* test; ^b)^chi-squared test; ^c)^Fisher\'s exact probability test.

###### The age-adjusted analysis for chronic nonspecific low back pain using logistic regression models
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HADS-A, Hospital Anxiety and Depression Scale for anxiety; HADS-D, Hospital Anxiety and Depression Scale for depression; EQ-5D, EuroQol-5 dimensions; EQ-VAS, EuroQol-visual analogue scale; JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire.

###### The association between chronic specific low back pain and the measured variables
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Values are presented as mean value or number (%).

CSLBP, chronic specific low back pain; CLBP, chronic low back pain; HADS-A, Hospital Anxiety and Depression Scale for anxiety; HADS-D, Hospital Anxiety and Depression Scale for depression; EQ-5D, EuroQol-5 dimensions; EQ-VAS, EuroQol-visual analogue scale; JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire.

^a)^Mann-White *U* test; ^b)^chi-squared test; ^c)^Fisher\'s exact probability test.

###### The age-adjusted analysis for chronic specific low back pain using logistic regression models
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HADS-A, Hospital Anxiety and Depression Scale for anxiety; HADS-D, Hospital Anxiety and Depression Scale for depression; EQ-5D, EuroQol-5 dimensions; EQ-VAS, EuroQol-visual analogue scale; JOABPEQ, Japanese Orthopaedic Association Back Pain Evaluation Questionnaire.
